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Abstract 
The pressure calculation in wellbore is one of most important techniques in moderate sand production with 
unconsolidated sandstone heavy oil reservoir. Because the gas oil ratio is lower generally in heavy oil reservoir than 
that in normal reservoir, the influences that the gas acts on pressure in wellbore in heavy oil and sand mixture often 
have been neglected. So, it is a matter that is deserved to care how much the influence that the gas acts on pressure 
calculation is and whether can be neglected. Through research of phase state in flow process of oil and sand 
mixture(the gas of heavy oil show up by bubbly flow shape), the gas, oil and sand three phase is divided into gas and 
liquid two phase flow and oil and sand two phase flow. Using the relationship between pressure and dissolved gas oil 
ratio, viscosity, oil volume factor, the modified mechanistic model of gas-oil-sand has been created. At same time, 
based on the above-mentioned model, the pressure loss and carrying capacity of oil also have been calculated. The 
results show: through the gas rate is low in heavy oil reservoir, the influences that the gas acts on wellbore pressure 
calculation increase with the decrease of pressure and augment of gas oil ratio. Especially, when the pressure falls to 
one half of saturated pressure, it will have a large influence on the wellbore. 
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1.  Introduction  
Crude oil is high pressure in wellbore, which the high pressure on the wellbore a great influence on oil 
flow. Because the pressure on gas affects obviously, Oil, sand, gas mixture occurs in the flow process of 
constant change mid-stream type, which would cause different parts in wellbore appears different flow 
patterns. Gas flow pattern to the main form of bubble flow as for the heavy oil sand fluid gas content less. 
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Even though very little gas, but the gas to liquid flow of heavy oil sand will increase with the increase of 
gas, after a certain stage can not be ignored. 
Many scholars research the interaction between each phase when gas-liquid-solid three-phase flow [1-4] 
according to the liquid [5-8], liquid-solid [9-12] two-phase theory. But these studies are pipe flow for 
transmission problems, which does not exist gas and liquid mass transfer between the flows. We consider 
the well production gas, liquid yield and oil energy is limited, flow pattern is easy to determine when three-
phase flow. For oil, sand two-phase suspension, the oil sands to consider a pseudo uniform two-phase fluid, 
and thus the oil and sand into account two-phase suspension into a single liquid phase. Therefore, ignoring 
the interaction between gas and solid, we can divide gas, oil, sand-phase flow process into gas and liquid 
(oil sand) and oil, sand two-phase (pseudo uniform fluid). This model with two-phase mechanism can 
calculate the approximate three-phase flow pressure loss and the process of carrying capacity. 
2. The change of property of oil and sand mixture in wellbore 
When crude oil flow in the wellbore, with the pressure reduced to below the saturation pressure after the 
precipitation of dissolved gas begins with crude oil, resulting in a change in the nature of crude oil. The oil 
and gas are considered separately, with the precipitation of gases dissolved in the light components in 
crude oil decreases, the relative increase in the heavy constituents of crude oil, crude oil viscosity increase. 
Considered in the model from the liquid-solid mechanism, the increase in oil viscosity will cause increased 
viscosity of oil sand mixture, so that the carrying capacity of crude oil increased, but it will increase the 
pressure loss of flow in wellbore. Einstein (1901) first studies the effective viscosity of liquid-solid mixture, 
and have a mixture of low viscosity and concentration of the concentration of the functional relationship: 
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If considered underground crude oil as Newtonian fluid, the high concentration of slurry can use 
Thomas [13] viscosity formula. The viscosity of the mixture crude at any point in the wellbore can still be 
expressed as˖ 
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ȝm: viscosity of mixture of oil sands,  Pa•s 
ȝL: Fluid viscosity,  Pa•s 
K1,K2, K3: Constant 
If you consider gas-liquid two-phase into one-phase, according to conventional knowledge, gas oil ratio 
increased, the viscosity decreased in the dissolved gas, the gas continuously separated from the liquid 
phase, liquid contained in the light elements decreases, the viscosity of liquid increases (as the Fig.1 show). 
At the same time as the precipitation of gas, gas volume increases, the gas velocity increases and gas lifting 
capacity enhancement. Following the saturation pressure, oil and sand mixture viscosity, volume and 
density change coefficient can be obtained by degassing the experimental data, the calculated viscosity and 
density with a mixture of mixture of gas-oil ratio changes, as shown in Fig.1, Fig.2 instructions. 
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Fig.1  The viscosity of oil and gas mixture with gas/oil ratio 
 
 
 
 
 
 
 
 
 
 
 
Figure2  The density of oil and gas mixture with gas/oil ratio 
It can be seen, without considering the interaction between the bubble and the sand particles, 
considering the flow of crude oil, the bubble, and sand particles to the flow of mixture of oil sands and the 
bubbles. The viscosities of oil sand mixture at each point are the function of pressure, solution gas oil ratio 
at this point. With the increase in gas oil ratio, the percentage of oil contained in the gas volume decreases 
and the oil viscosity and density of the sand mixture will increase. 
3. The mechanistic model of oil and sand mixture flow in wellbore 
3.1 The change of oil critical carrying sand velocity in wellbore 
Precipitation of dissolved gas, crude oil viscosity and density changes can cause critical speed of sand 
carrying oil change. For vertical shaft, the speed is greater than the critical requirements of carrying sand 
speed. By the critical speed that Thomas [13], Warp [14] had on the base of Stoke equations , get the 
critical speed of oil phase after precipitation of dissolved gas : 
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When 1<Rep<1000 
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ȡS : solid particles 
ȡL: The density of solid particles 
dg: Equivalent diameter of solid particles 
3.2 The change of gas and liquid flow model with oil property altering 
According BARNEA [7], Taitel [5] and N. PETALAS [8], who established two-phase flow 
mathematical model motivation, bubble flow transition state model boundary and fluid viscosity and 
density have a relationship. 
N.PETALAS gives the bubbly flow and dispersed bubble flow formula: 
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EL: Relative holdup of liquid 
Eg: Gas relative gas holdup 
Vm: Gas-liquid mixture velocity 
fm: Bubbly flow coefficient of friction 
ȡm: Gas, liquid, solid mixture density, kg/m3 
ȡL: Liquid density, kg/m3 
ȡg: Gas density, kg/m3 
Take the pressure and dissolved gas-oil ratio, viscosity, crude oil volume factor and other parameters of 
the relationship into the model, the model can use to calculated the pressure loss at each point. 
4. The calculation procedure of infinitesimal method 
The wellbore is divided into a number of infinitesimal segments, as long as the segment is small enough, 
each micro-element approximation of fluid properties can be considered the same. In each Micro-element 
we can use above model to calculate the pressure loss in each section carrying sand and liquid velocity, as 
shown in Fig.3 instructions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 The simple figure of calculation procedure using infinitesimal method 
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5. The analysis of example 
Original formation pressure in an oilfield 14MPa, oil saturation pressure 3Mpa, ground dead oil 
viscosity 50m • pas, oil-38m3 / d, production sand 2m3 / d, producing gas oil ratio 16m3/m3. When pressure 
below the saturation pressure, dissolved gas will appears in wellbore. Figures 4 and 5 show the calculate of 
Critical speed of carrying sand about sand mixing liquid and Wellbore pressure drop with the gas oil ratio 
changing circumstances. It can be seen, with the pressure reduced, the increase of gas oil ratio, the 
viscosity of the oil-sand mixture increase, and sand carrying critical flow velocity decreases. With the 
increase of gas-oil ratio, volume fraction of dissolved gas in the wellbore increases, to increase the lifting 
capacity of the gas, thus reducing loss of wellbore pressure drop. Figure 6 is a change map that considers 
precipitation of dissolved gases and regardless the influence of pressure drops gas precipitation. As the 
pressure decreases, pressure drop increases derivative lines; gas on the wellbore pressure drop also 
increases. Wellbore pressure drop from the saturation pressure at 0.00085Mpa / m, to a pressure of only 0.2 
when the saturation pressure at 0.0006 Mpa / m, if calculated 2000m depth, the pressure will cause the 
error of about 0.5MPa. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 The critical velocity of oil and sand mixture with gas/oil ratio 
Fig.5  The unit pressure loss with gas/oil ratio 
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Fig.6  The unit pressure loss with the pressure 
6. Result 
To accurately calculate the wellbore pressure loss in the sand oil, gas, oil, sand-phase flow patterns and 
flow pattern identification is the foundation. According to this calculation the following conclusions and 
recommendations: 
1).If considered heavy oil sand into a single-phase liquid, heavy oil sand fluid viscosity decreases when 
precipitation of dissolved gas; However, if it considered the two-phase gas oil, with the precipitation of 
dissolved gas, crude oil viscosity will increase. 
2).With the precipitation of gas, the viscosity of heavy oil sand fluid increases, the heavy sand-carrying 
capacity actually increased 
3). Although the heavy oil solution gas production is small, but its heavy flow of liquid and sand can not 
be completely ignored. As the pressure decreases, the gas oil ratio increasing, and gas pressure drop of 
heavy oil sand of wellbore fluid also increases. Obviously, for the undersaturated reservoirs, the impact of 
gas on the wellbore can be ignored in the early mining; as for the saturation pressure for the reservoir, it is 
Unlike the undersaturated oil reservoir may only be started in some parts of the wellbore precipitation of 
dissolved gas, but there is precipitation of dissolved gas when open wells in the strata. Therefore, the gas to 
the wellbore pressure drop can not be ignored. 
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